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Wire-driven parallel manipulator is one of hotspots that have arisen these years 
in the world. It has so much value in many areas including aviation、military affairs、 
scientific research and so on. It also has potential appliance foreground in many fields. 
For example, robot of architecture、force feedback setting and touch setting of dummy 
practice、large motion emulator、large radio telescope、super high speed robot、light 
robot in super large workspace、aviation spaceflight、manufacture of large steamship 
and naval ships、mechanical process and so on.  
In the paper, 3-DOF wire-driven parallel manipulator with 1R2T type on upright 
position has been researched including manipulator design, theory analysis, dynamic 
simulation, constructing manipulator and motion control test.  
3-DOF wire-driven parallel manipulator with 1R2T type on upright position has 
been designed. The analyses have been carried out in the paper to the positive solution 
of position kinematics、inverse solution of position kinematics、positive solution of 
velocity kinematics、 inverse solution of velocity kinematics、positive solution of 
acceleration kinematics and inverse solution of acceleration kinematics. The 
Moore-Penrose method was involved in the positive solution of position kinematics. 
The static and dynamic analyses have been applied in the 3-DOF wire-driven 
parallel manipulator with 1R2T type on upright position. The method of appointed 
force was adopted which is simple and general. The cable’s tension has been 
simulated with the Simulink software. The controllable workspace of the end effector 
has been analyzed and its trace of ellipse has been designed. The simulation including 
the position, velocity, acceleration of the end effector and the length, velocity and 
acceleration of the cables. The result of simulation is reasonable and accord with the 
physical sense completely. 
The practical manipulator was built and motion control test was implemented 
according to both theory analysis and numerical simulation above. 
The mutual validation between the motion control test and the theory simulation 
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feasible. 
The hardware manipulator and software program in this paper have prepared for 
the next research of 6-DOF wire-driven parallel manipulator which is more general 
and more complicated.  
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第一章  绪  论 
§1.1 绳牵引并联机构的概况 
绳牵引并联机构的应用 早出现于美国。为了改造造船业中的起重机，1989
年 Dagalakis 等人研制成功带有串联子系统的绳牵引并联机构 ROBOTARANE[1]。 
在日本，绳牵引并联机构的研究始于 1988 年。Kawamura 等人研制的绳牵
引机器人具有极高的加速度[2]。Ming 指出，由于绳只能承受拉力，不能承受压
力，绳牵引并联机构必须采用冗余驱动，即 n 自由度的绳牵引并联机构至少要由
n+1 根绳来牵引[3]。该文提出了完全约束定位机构 CRPMs(Completely Restrained 
Positioning Mechanisms) 的 基 本 分 类 ， 指 出 不 完 全 约 束 定 位 机 构





定位机构 RRPMs(Redundantly Restrained Positioning Mechanisms)进行研究，已研
制出样机 CableV，并致力于控制问题的研究[5]。同时，Duisburg 大学的 Verhoeven
和 Hiller 等人自 1998 年起开始进行绳牵引 Stewart 平台并联机构 SEGESTA 的研
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§1.2 CDDRs 并联机器人的发展概况 
Cable-direct-driven robots (CDDRs)是一种并联的操作机，具体来说就是用 n
个电动机拉紧 n 条绳子对末端执行器进行控制。1993 年 NIST（the National 




McDonnel-Douglas 研发了 Charlotte 用于国际空间站。一个长方形的箱体被
8个电机拉紧 8根绳子并联驱动[14]。 











大多学者所提出的 CDDRs 和 CDDHIs（cable-direct-driven haptic interfaces）
都涉及到由绳子引导的末端执行器的平移运动和旋转运动。而 Williams (1998) 



















第一章 绪 论 
- 3 - 
自由度由 CDDR 提供，旋转自由度由串联手腕机构完成。他们提出了两种 CDDRs
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位姿运动学的正解采用了 Newton—Raphson 数值逼近解法，并用 MATLAB 软件
进行了编程计算； 
第三章对所设计的机构模型进行了静力学分析，在求绳子的拉力过程中，应
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